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RULE-BASED MACHINE TRANSLATION

• Build Dictionaries

• WriteTransformation Rules



STATISTICAL MACHINE TRANSLATION
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STATISTICAL MACHINE TRANSLATION (SMT)

• Learn Dictionaries from Data   “farok” → “jjat”

• Learn “Rules” from Data

• 1980 - 2015



BITEXTS

Johns hopkins

university was 

founded

The mascot is a 

blue jay

Blue jays are the 

mascot

Lacrosse is a 

well-known 

sport

Đại học Johns 

hopkins được 

thành lậpLinh 

vật là một con 

chim giẻ cùi 

màu xanhGiẻ 

cùi xanh là linh 

vậtLacrosse là 

một môn thể 

thao nổi tiếng



MACHINE TRANSLATION (ABSTRACTION)



MACHINE TRANSLATION (SMT) … SIMPLIFIED
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SMT VERSUS NMT

Statistical MT Neural MT

Input: Source Sentence Input: Source Sentence

Output: Target Sentence Output: Target Sentence

Automatically Learn from Bitext Automatically Learn from Bitext

Probabilistic Translation Model One Neural Model (Probabilistic)

Probabilistic Reordering Model

Probabilistic Language Model



NEURAL MACHINE TRANSLATION (NMT)

• Also a type of Statistical MT

• Represent words in high-dimensional, continuous, space

• P(e|f)
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VOCABULARY



ONE-HOT VECTOR

• Words correspond to index in vector

• Fixed size



ONE-HOT VECTOR

The   And   I  Dog  Johns ……. Me  Cat

0    0      0     0       1   ……  0     0



VOCABULARY SIZE

• Fixed Input & Output Vector Dimensions

• Out-of-vocabulary (OOVs)

0.2    0.15   0.001   0.3    …………………………………………… 0.4 

0      0         1      0        …………………………………….          0

The    and      me     for …………………………………………… </unk>

le         et       moi pour …………………………………………… </unk>



CHARACTER LEVEL

• No OOVs

• Very long sequences



BYTE PAIR ENCODING

• Subword Unit

• Based on a compression algorithm

• Start small, repeatedly combine
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Vocabulary Rules

p e

t r

i c

k d

a o

f l

s pe@
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p@ e@ → pe@

p@ i@ → pi@
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o@ f → of



HOW GOOD ARE OUR TRANSLATIONS?

• “Iyunivesithi yasekwa ngonyaka olandelayo ukusweleka kwakhe kwaye yanikezelwa

kunyana wabo okuphela kwakhe.”

• The university was founded in the year following his death and was dedicated to their 

only son.

• The university was following his death and was dedicated to their only son.

• Machine Translation always works perfectly.



MT EVALUATION

• Human Evaluation (Expensive, but best)

• Automatic (Cheap, can be correlated)



BLEU SCORES

• Modified n-gram precision

• BiLingual Evaluation Understudy
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Unigrams Bigrams Trigrams 4-grams
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Unigrams Bigrams Trigrams 4-grams
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Brevity Penalty



BLEU SCORES

Unigrams Bigrams Trigrams 4-grams

14/16 12/15 9/14 3/13

𝐵𝐿𝐸𝑈 = min 1, 𝑒
1−

𝑙𝑒𝑛 𝑔𝑜𝑙𝑑
𝑙𝑒𝑛 ℎ𝑦𝑝

4

ෑ

𝑖=1

4

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛(𝑖)

𝐵𝐿𝐸𝑈 = min 1, 𝑒1−
16
15

4
0.138



BLEU SCORES

Unigrams Bigrams Trigrams 4-grams

14/16 12/15 9/14 3/13

𝐵𝐿𝐸𝑈 = min 1, 𝑒
1−

𝑙𝑒𝑛 𝑔𝑜𝑙𝑑
𝑙𝑒𝑛 ℎ𝑦𝑝

4

ෑ

𝑖=1

4

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛(𝑖)

𝐵𝐿𝐸𝑈 = 0.94
4
0.138



BLEU SCORES

Unigrams Bigrams Trigrams 4-grams
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𝐵𝐿𝐸𝑈 = min 1, 𝑒
1−

𝑙𝑒𝑛 𝑔𝑜𝑙𝑑
𝑙𝑒𝑛 ℎ𝑦𝑝

4

ෑ

𝑖=1

4

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛(𝑖)

𝐵𝐿𝐸𝑈 = 0.94 ∗ 0.609

𝐵𝐿𝐸𝑈 = 0.57



BLEU SCORES

• Calculate over entire test set (not one sentence)

• < 10 …. Pretty useless

• 10 – 20 … can get some meaning

• 20 – 30 … looks decent

• > 30 starts getting pretty good



BLEU SCORES

• The large house

• A big mansion



FAIRSEQ

• PyTorch

• https://github.com/pytorch/fairseq


